Objective: To report the indigenous people's uses of plants from a multidimensional perspective in a remote area where strong ethnobotanical cultural practices prevail. Methods: An ethnobotanical survey was conducted in the field during 2014-2016. Ethnobotanical data were gathered from 182 informants through oral interviews and semistructured questionnaires. The distribution of plants was explored using both descriptive and graphical methods. Further, a Multinomial Logit Specification was applied to find out the probability of the occurrence of diverse utilization of plants in multipurpose domains. Results: The study identified 202 plant species distributed among 71 families and 156 genera. Ethnobotanical data indicate that there are more medicinal (36.96%) uses of plants as compared to all other use categories. The output from the Multinomial Logit Specifications (MLS) model reveals that perennial and non-woody plants are exploited more for medicinal and food uses than annual and woody plants. In the context of ethnomedicinal uses, aerial plant parts particularly leaves are more extensively used for the preparation of herbal recipes as compared to underground parts.
Introduction
The use of plants by humans dates back to the beginning of human civilization on earth. Initially, utilization was probably restricted to medication, food and shelter. However with the passage of time, a number of other potential uses for plant resources have developed and humankind's reliance on plants has increased several folds, thereby supporting many aspects of human welfare and prosperity [1, 2] . Ethnobotany plays a vital role in our understanding of the dynamic connections between botanical diversity and sociocultural systems [3, 4] . John W. Harsberger was the first to coin the term ethnobotany in 1896 [5, 6] . However the discipline of ethnobotanical study was developed by Ford [7] who described the investigation of the collection of useful plants by people along with the description of the uses of those plants. Broadly speaking, ethnobotany is the understanding of knowledge systems through the use of various anthropological methods [8] . Over the course of the most recent century, ethnobotany has emerged as a multidisciplinary field that focuses on peopleplant interactions not only by plant collection and documentation of the traditional uses of plants but also focusing on botany, economy, anthropology, public health, pharmacology and other disciplines [9] . Thus the interactions between plants and people may be very broad, encompassing social, religious, commercial, economic, symbolic and artistic relationships [10] .
Ethnobotanical studies can play a critical in role in highlighting significant plant species in a specific area. These may be particularly important in the development of new plantderived drugs; for instance the documentation of indigenous ethnomedicinal knowledge has provided the basis for developing several modern drugs [11] . According to one estimate, 25 percent of modern drugs are obtained from plants while the majority of allopathic drugs are synthetically analogous to natural compounds extracted from plants [12] . Due to the absence of basic health care facilities and the cost of expensive allopathic medicines, 70-80 percent of the population of developing countries still depends upon medicinal plants for the treatment of diseases and ailments, especially in rural areas [13] [14] [15] [16] . Thus ethnobotanical studies have an important role to play both in documenting and explaining how plants are used and managed in rural communities that are heavily reliant on natural resources.
Pakistan is blessed with a rich diversity of plants that are used by rural communities for a variety of purposes, but particularly as a source of medicine, both by communities and individuals [17] . About 6000 species of flowering plants have been recorded from Pakistan, of which 12 percent are used in the treatment of different diseases by indigenous communities [18, 19] . Various ethnobotanical and ethnomedicinal research studies have been conducted in Pakistan [20] [21] [22] [23] [24] [25] [26] , however, many parts of the country remain unexplored by ethnobotanists. The autonomous territory of Azad Jammu and Kashmir (AJ&K) is a mountainous region in northern Pakistan that supports a diversity of plant habitats, soil types and climatic conditions, with many plants endemic to Pakistan recorded from this area. Reports on the traditional medicinal uses of plants by the local communities of AJ&K are increasing [27] [28] [29] [30] [31] , but Kashmir's plant resources still remain largely unexplored, particularly with regard to their ethnobotanical values. The remote, mountainous district of Kotli in central AJ&K is strongly influenced by old customs and traditions. Most of the population in this area is rural with a low literacy rate and no access to modern health facilities. Hence the population is strongly dependent upon natural resources, especially plants, for healthcare needs and to support livelihoods in a region with very low incomes. The local people, especially the old and traditional healers, have acquired their knowledge of plant uses over a long period of time, and this includes their use in treating various illnesses and other ailments. This study explored the detailed ethnobotanical resources of the Kotli District, AJ&K; specifically, it describes and analyzes the indigenous traditional knowledge on the utilization of the most commonly used plants. The primary objective is to document this indigenous ethnobotanical knowledge, particularly in relation to ethnomedicinal plant uses, as well as to quantify plant uses through application of the analytical technique of Multinomial Logit Specifications (MLS) based on the number of positive responses for each plant species and the assessment of frequent uses of native species. 
Materials and methods

Study area
Plant collection and identification
The plant species were collected in triplicate during sampling, carefully dried and mounted on herbarium sheets. The Flora of Pakistan (www.eflora.com) was followed for taxonomic identification [32, 33] , whereas to obtain the correct botanical names the International Plant Name Index (IPNI) (www.ipni. org) and Tropicos (www.tropicos.org) was used. Confirmation of species identification was carried out at the Herbarium (ISL) of Quaid-i-Azam University, Islamabad and National Herbarium at Pakistan Museum of National History, Islamabad. The fully determined vouchers were deposited in the herbarium of the Department of Botany, PMAS-Arid Agriculture University Rawalpindi, Pakistan. 
Field interview
The field work was conducted in fifteen different villages during 2014-2016 following the method of Heinrich and his coworkers [34] to report the indigenous uses of plants by the local inhabitants. A total of 182 (136 male and 34 female; 22 herbalist or traditional healers) informants across different age groups were randomly selected for interviews, with a particular emphasis on older people and rural herbalists who are familiar with indigenous uses of plants. Ethnobotanical data were collected through oral interviews and semistructured questionnaires [35] . The questionnaires were developed following the methods of Edwards and his coworkers [36] . Field work consisted of plant collection, data documentation and photography. Field trips were conducted during all the four seasons in order to identify all plants used by the local inhabitants of the area (Figure 2 ).
Data analysis
Methodology of multinomial logistic approach
Logistic regression is a powerful statistical way of modeling a binomial outcome (i.e. it takes the value 0 or 1 for plants having or not having a medicinal use) with one or more explanatory variables. Generally, it has two specifications (a) binary logit specification (b) multilogit specification. The first specification is used in case the discrete response variable has only two categories. However, in the case of multi-categorical response variables the second specification is used [37] [38] [39] . Although in the current study both specifications could be applied, the multinomial logit specification was found to be the most practical because of the multiple uses of plants noted in the study area. There is substantial power of this method in terms of delivering more realistic findings.
Multinomial logistic models have been extensively employed in predicting the relationship of plant utilization to their respective use categories. Multinomial logistic models are particularly useful where the response variables are multicategorized [38, 39] . In this study we examined various plant uses against different plant categories. The response variable has multiple plant uses that were categorized into (1) medicinal, (2) food, (3) combined use of food and medicinal and (4) all other uses of plants. A response is categorized as medicinal if the use of the plant was medicinal only, food if the use of the plants was as a fruit or vegetable, herbal tea, source of nectar for honey bees and/or fodder, while all other uses of plants included fuel, timber, poison, roof thatching, hedge/fencing, ornamental, agricultural tools etc. The multiple outcomes of the response variable i.e. plant uses require multinomial logistic specification [24] where the individuals are interested in the change in probabilities of plants uses with unit change in the elements of x cetris peribus, P(y = j|x), j = 0, 1, …, J. However, in this study, the covariates were also categorical in nature i.e. plant growth-form categories were used in this study (annual or perennial and woody or nonwoody) so the model helped in the evaluation of the difference of plant uses for active category than reference category. Therefore, employing a multinomial logistic model directed to evaluate the probability of the alternative j against alternative i for every i s j. This took the form:
where P(Y = j) and P(Y = 0) are represented by P j and P 0 respectively and the model becomes
Multinomial regression models do not impose the restrictions of normality, linearity and homogeneity of variances for explanatory variables and is estimated though Maximum Likelihood Estimation (MLE) that follows the chi-square distribution [37, 40] . Overall, model fit is assessed by Pseudo R 2 and LR Chi Square. Pseudo R 2 presents the explanatory power of the mode but it is not such a reliable measure of goodness of fit hence, instead, a significant LR Chi Square is used to indicate the goodness of fit of the model. Authentic studies justify the application of such a specification [23, 24] .
Results
Ethnobotanical importance
During the botanical survey a total of 202 plant species belonging to 71 families and 156 genera were recorded. The total number of plant species with a recorded uses were 177 while for the remaining 25 species no uses were reported in the study area. Ethnobotanical use categories for the recorded plant species indicates that the major proportion of plant species are used for medicinal purposes followed by fodder/forage plant species ( Figure 1 ). In the context of ethno medicinal use of plants, leaves were the most commonly used plant part, followed by the whole plants ( Figure 3 ). Detailed ethnomedicinal uses of trees (Table 1) , shrubs (Table 2) , herbs (Tables 3-6) , grasses (Table 7) and climbers (Table 8) reported from indigenous people are given.
Explanation of the results of the multinomial logistic model estimations
Multinomial logistic specification modeled the probabilities of plant uses against plants categories through maximum food and their combined use. These coefficients show the difference in logit (log of odd ratios) for active category than reference category as the covariates are also categorical in nature. The marginal effects have more useful interpretations than logistic coefficients or Relative Risk Ratio (RRR) ( Table 9 ).
The marginal effect of annual plants is negative for medicinal use of plants showing that perennial plants are used more for medicinal purposes than annual plants. Similarly, non-significant positive marginal effects for food use and combined uses indicate the greater use of annual plants for food and combined uses. These results are consistent with the study by Arshad and others [24] however, these non-significant marginal effects cannot be generalized (Table 9) .
Negative significant marginal effects of woody plants reflect the empirical fact that for all uses non-woody plants are more used than woody plants i.e. in the case of medicinal use, woody plants were used 18 percent of less than non-woody plants. Likewise, there was 24.4 percent less food use and 18.5 percent less use for combined food and medicine purposes of woody plants, indicating that non-woody plants have more medicinal, food and combined uses than woody plants. Pseudo R 2 is 12.93 percent which is a significant result, however, the highly significant LR Chi square at less than 1 percent indicates that the overall model has a good fit (Table 9 ). The leaves are astringent, diuretic, and tonic. They are used in headache and snake and scorpion stings. The rhizome paste is used to heal cuts and wounds. Sauromatum venosum (Aiton) Kunth/ISL-795 Sanp Ki Makai Araceae The corm powder mixed with butter is used for tumors in body and snakebite. Fresh corm is used for hemorrhagic septicemia and hemoglobin urea in buffalos. Drimia indica (Roxb.) Jessop./ISL-846 Jangli Piaz Asparagaceae Leaves and bulbs are used in treating cough, asthma, bronchitis and edema. It is heart tonic, used as expectorant, abortifacient, emetic, diuretic, and rodenticidal.
Cyperus rotundus L./ISL-771
Mutharr Cyperaceae The plant extract is used to treat nausea, fever and inflammation. It is tonic used for muscle relaxation. The plant is also used as fodder for animals. The whole plant juice is blood purifier and used in curing fever. Zaleya pentandra (L.) C. Jeffrey/ISL-900 Itsit Aizoaceae Leaf extract is used for stomach disorders. It is antidote against snake bite. 
Discussion
There was strong relationship between plants and human being since ancient time. The current study results indicate that the local inhabitants in the District Kotli are strongly dependent on the native flora for acquiring basic life requirements such as food, fodder, medicines, fruits, vegetables, fuel, furniture, roof thatching and fencing materials, etc. This can be explained by a major portion of the Kotli district being very rural in nature with most of the local inhabitants having very low annual incomes derived from keeping livestock along with other limited sources of income.
The high proportion of plants used to support a local health system is similar to the findings reported from other remote areas of Azad Jammu and Kashmir such as Districts Mirpur [6] , Bimber [10] , Neelum [29] , Poonch [28] and Muzaffarabad [41] . Due to the growing demands of pharmaceutical industries, however, medicinal plants have been drastically exploited from these areas leading to the extinction of these important species. As a result of over-exploitation, most of the preferred medicinal plants can now only be found under the thickest of shrubby plant species or at higher altitudes which are not easily accessible to the native people of the area. The rapidly increasing population in the region has also increased the pressures on medicinal plants, resulting in both the species numbers as well as the populations of medicinal plants decreasing. At higher altitudes, nomad communities extensively collect medicinal plants in a non-scientific way to supplement their incomes. They uproot the whole plants instead of just collecting the particular medicinal parts of the plant. Prior to the current study, very little information was available on the medicinal plants of the whole area. But in addition to over-collection, we identified that overgrazing deforestation and soil erosion are also contributing factors responsible for a reduction in the medicinal and other economical plants in the study area. In particular, overgrazing by the livestock of the inhabitants of Kotli district were responsible for grazing on most of the medicinal plants leading to their potential extinction from the area. Thus effective strategies for the conservation of medicinal plants are urgently needed. These should include measures to ensure that plant collection correlates with their phenology. Specifically, the plants which are under the greatest anthropogenic pressure due to overgrazing, fuel wood collection or over exploitation for medical purposes have less regeneration potential. Similarly, the plants which are exploited for underground parts like roots, rhizomes, corm or bulbs are more threatened because the shoot of the plants will be unable to develop flowers or seeds and hence to propagate.
The second major utility of plants in the study area is as forage for fodder purposes which indicates that the area is well suited as livestock rangeland. This mountainous area has a poor vegetation cover and a cold and moist climate at higher altitude while drier hotter conditions occur at lower altitudes. Thus the area does not support agriculture very well and there is a dependence on pastoralism. In addition to forage uses, the local people of Kotli district also exploit the vegetation to fulfill their fuel and timber requirements. Particularly during the cold winter season, the local people burn large amounts of fuel wood to heat both their homes and their animal shelters. In combination, heavy grazing and overexploitation for medicinal and fuel wood purposes have led to forests becoming open and degraded. In addition, 22 plant species were identified during the survey that are used as wild edible fruits or vegetables; but owing to overexploitation, these species have shown a decreasing trend over the last few years.
Plant materials are also used for making the roofs of houses and animal shelters. Plants such as Pinus roxburghaii, Quercus incana, Hypericum oblongifolium, Myrsine africana, Punica granatum are used for this purpose. Another important ecological problem in the area is harvesting of wood for timber purpose which in turn results in the creation of barren areas. The most valuable plant species for this purpose include Pinus roxburghaii, Acacia modest, Ailanthus altissima, Pinus roxburghaii, Quercus incana, Salix acomophylla, and Zizyphus mauritiana due to their high sale price.
Meetings and interviews with the local inhabitants of the area disclosed the fact that indigenous knowledge was mostly limited to older people and herbalists (traditional healers), with far less knowledge amongst the younger generation. The social setup has been totally changed due to recent advancements in science and technology, with young people moving far away from local customs and traditions [23] . Moreover, the survey results showed that female informants had more ethnomedicinal knowledge as compared to the male informants. This may be due to their significant role in household management and disease treatment to maintain the health of their family members. Similar findings were also reported by Ahmed and his coworker from the Chail valley [42] . In common with the findings of other studies, we noted that the rural Kotli district communities were more enriched with ethnobotanical knowledge as compared to urban people [20] . The district is very remote from urban areas and the long history of dependence on plant-derived resources, which in this area stretches back to the time of the Mughal emperors, is reflected in the richness of the ethnobotanical knowledge, particularly amongst the older generation. The potential for rapid loss of this knowledge, which is not being passed on to future generations, combined with vegetation degradation, e.g. through overgrazing, means that there is an urgent need to document the entirety of the ethnobotanical knowledge of AJ&K so that valuable species can be protected and utilized for future generations, including for research purposes. Despite of this urgency, the local inhabitants are still ignorant of the importance of biodiversity. We therefore strongly recommend further study projects and comprehensive surveys to create awareness among the local inhabitants about the need to document ethnobotanical knowledge and to identify its significance to the local communities. Pastoralism is the major land use and therefore effective efforts are required to conserve the area as a major rangeland and wildlife conservation unit. This will indirectly contribute to the conservation of the overall plant resources and vegetation of the area. But direct efforts are required to control the immense biotic pressures that the vegetation is under due to rapid deforestation and severe grazing, both resulting in soil erosion on steep slopes, and the overexploitation of fuel wood and medicinal plant species. Awareness of these issues needs to be raised amongst the local community with actions to support sustainable utilization, conservation and management of plant resources. The present study portrays the strong dependence on and traditional affiliation of rural people with the medicinal flora of the study area. A composite profile of the ethnobotanical uses of the flora of the Kotli district was developed and subsequently verified through application of an empirical methodology. The results indicate that plants are frequently utilized by the local inhabitants, especially for healthcare. The probability of medicinal use of plants is associated with species features such as life form, texture and nature of the plant. Non-woody plants are more likely to be directly associated with medicinal and food uses as compared to woody plants. Perennial plants have a higher tendency toward medicinal and food uses as compared to annuals with medicinal and food use of plants in the surveyed ecosystem. Aerial parts, particular leaves, are more commonly used for the preparation of recipes as compared to underground parts. The findings of the current study can provide base line information to inform policies for biodiversity conservation and community development. The plant resources of the area are highly affected by severe deforestation, intense grazing, over exploitation of medicinal and fuel wood species and soil erosion. There is an urgent need to create awareness about the usefulness of the flora among the local people and to take strict actions to conserve this natural resource. To relieve the pressure on medicinal flora the cultivation of threatened medicinal plants should be encouraged by the indigenous communities. The present study reveals that changes in traditional culture will surely result in the loss of ethnobotanical knowledge as this valuable natural asset is restricted to the indigenous culture, and particularly to the older generation. Therefore, there is a pressing need to fully document this hidden treasure of ethnobotanical knowledge so as to avoid its extinction and the present study is a part of this effort. The identified plant should be taken in to consideration for further conservation, pharmacological and phytochemical studies to use them in a more sustainable and effective way. The process should be replicated in other remote areas of Pakistan where medicinal flora exists.
